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Hurricanes — A -

Science Primer
 What Will be Covered

— Hurricane Background — What is a Hurricane

— Hurricane Movement and Intensity

— Hurricane Impacts
* Storm Surge
* Wind
* Rainfall
e Tornadoes

e What Will Not be Covered
— HURREVAC and SLOSH



What is a Hurricane? X

_

« An Area of Low Pressure that develops in the
tropics/subtropics and has winds 74+ mph

Image from
Wikipedia

* Also Known as e Development Sequence —

— Typhoons (Western Pacific) Tropical Depression,
— Cyclones (Indian Ocean) Tropical Storm*, Hurricane



Hurricanes — The Basics =*

Hurricanes are, from a storm
perspective, unigue in nature
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For a typical storm, the jet stream, and For tropical sysiems, warm ocean
warm vs. cold air drive intensity water and weak winds aloft are key

factors
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Hurricane Structure

Hurricanes as seen from satellite
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Hurricane Irene (2011) =&
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Hurricane Intensity — S
Saffir-Simpson Scale

Saffir-Simpson Hurricane Scale

Original Saffir-Simpson Scale (1974)

Table 1. Saffir/Simpson Hurricane Scale [Simpson, R.H. (1974)].

Central
Scale Number Pressure
Cat

Non-Hurricane Classifications

50-2891 96110

111-130 Extensive

Extreme

Catastrophic
Tropical
Storm

Tropical Wind, Surge, Pressure Relationships Failed for
Depression 232 Isabel (2003), Katrina (2005), Ike (2008), etc.

Image Courtesy: Watts Up With That
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Hurricane Movement X

* Two Primary Factors

— Location and westward
extent of the
“Bermuda” or
Subtropical High

Pressure area at Upper
Levels

— Location and Shape of
the Jet Stream

(Hatteras northward)

All Tropical Cyclones
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NUMBER TYPE NAME DATE
ALEX 31Jul.=6 Aug.
BONNIE 3-13 Aug.
CHARLEY 9-14 Aug.
DANIELLE 13-21 Aug.
13-15 Aug.
25 Aug.-8 Sep.
27 Aug.-1 Sep.
27-31 Aug.
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DATE

JUN 28-JUL 1

JuL17-22

JUL 20-22

JUL 27-30

AUG 2-7
FRANKLIN  AUG 12-13
GERT AUG 13-16
HARVEY AUG 19-22
IRENE AUG 21-28
JOSE AUG 27-28
KATIA AUG 29-SEP 10
UNNAMED ~ SEP 1-2
LEE SEP 2-5
MARIA SEP 6-16
NATE SEP 7-11
OPHELIA SEP 20-0CT 3
PHILIPPE SEP 24-0CT 8
RINA 0CT23-28
SEAN NOV 8-11
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For readabikity, not all 00Z points are shown for all storms.
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NAME
ARTHUR
BERTHA
CRISTOBAL
DOLLY
EDOUARD
FAY
GUSTAV
HANNA

IKE
JOSEPHINE
KYLE
LAURA
MARCO
NANA
OMAR
PALOMA

TYPE
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DATE

MAY 31-JUN 1
JUL 3-20
JUL19-23
JUL 20-25
AUG 3-6

AUG 15-26
AUG 25-SEP 4
AUG 28-SEP 7
SEP 1-14

SEP 2-6

SEP 25-29
SEP 29-0CT 1
0oCT 6-7

0CT 12-14
0CT 13-18
NOV 5-9

U.S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
NORTH ATLANTIC HURRICANE TRACKING CHART
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Hurricane Impacts &

STORM SURGE-= The abnormal rise in water
evel directly associated with the wind and
oressure forces associated with a hurricane

Sorm Surge Example — hurricane makes landfall at high tide

17 % Storm tide

'* 2. Normal high tide

Mean sea |level

Sorm Surge is highest in right forward quadrant near center as
It crosses coast
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Hurricane Impacts Z.
Storm Surge
.
e
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HURRICANE "LISA"



Storm Surge Contd. =
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Storm Surge Example — Hugo 1989
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Storm Surge

Storm Surge Factors

e Storm Intensity and Size

— Stronger = Higher Surge

— Larger = Larger Area
Affected

e Storm Speed
— Slower Often Means
Higher Surge

* Angle to Coast at
Landfall

— Perpendicular Maximizes

Surge (Katrina)
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Nor’Easter Coastal Flooding .

November, 2009 “Nor’ Ida” Nor’easter

* Wind Direction,
Wind Speed and
Duration of
Strongest Wind Most
Important

— N/NNE Winds = 25-
30mph
e Storm
Track/Intensity not
as Critical




Storm Surge >

Hurrlcanes vS. Nor’easters

== Minor Flooding Begins

Sewells Point - Isabel

Predicted WL ——

Sewells Point
11/2009 Nor’'easter




STORM INTENSITY

FACTOR
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CAT 3 NNW 20 mph

CAT 1 NNW 20 mph



STORM SPEED

FACTOR
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CAT 3 WNW 30 mph

CAT 3 WNW 10 mph



FACTOR = ANGLE TO COAST
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Hurricane Impacts =
Wind

* Pre-Landfall
—Winds often Symmetrical Around Center

e Post-Landfall

—Winds Always Weaken After Landfall
e Cat 3 at Landfall -> Cat 2 or less within 6 hours

—Winds Stronger Eastern Semi-Circle (Right Side)
* Especially if Storm is in Close Proximity to Water



Hurricane Impacts =
Wind (Irene — 2011)

80° W NC

+Charlotte

. J(_r\‘lrew York—="7"
o

eHarrisburg

*Richmond

*Raleigh

E A b + + + +
| Hurricane Irene - Friday, August 26, 2011 11 AM EDT Advisory #25

Center Location: 30.7 N 77.3 W Maximum Sustained Winds: 105 mph (Gat 2) Movemeant: 14 mph N

[ forecast positions Potential Track Area QL day1-3 ' day4-5 Wind Extents: @ at current location

Sustained Wind Speeds: [lltropical storm == 34kt/39mph strong tropical storm >= 50k58mph [l hurricane == 64kt74mph

Hurricane Irene - Saturday, August 27, 2011 11 PM EDT Advisory #31

Center Location: 37.3 N 75.4 W Maximum Sustained Winds: 80 mph (Cat 1) Movement: 16 mph NNE
O forecast positions Potential Track Area: Qday 13 »n day45 Wind Extents O at current location
Sustained Wind Speeds: [lltropical storm >= 34k39mph strong tropical storm >= 50kt/58mph [l hurricane >= 84kt/74mph




Hurricane Impact
Wind (Isabel - 2003)
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Hurricane Isabel - Tuesday, September 16, 2003 5 PM EDT Advisory #43
Center Location: 27.86 N 71.4 W Maximum Sustained Winds: 105 mph (Cat 2) Movement: 8 mph NNW
Potential Track Area: Q\.day 1-3 ' day4-5 Wind Extents: @ at current location

[ forecast positions
Sustained Wind Speeds: [lltropical storm == 34kt/39mph

strong tropical storm >= 50kt/58mph [l hurricane == 64kt74mph
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Tropical Storm Isabel - Friday, September 19, 2003 2 AM EDT Advisory #52A
Center Location: 38.3 N 78.4 W Maximum Sustained Winds: 80 mph Movement: 23 mph NNW
[ forecast positions Potential Track Area. Q day1-3 v day4-5 Wind Extents: @ at current location
strong tropical storm == 50kt/58mph [l hurricane == 64kt/74mph

Sustained Wind Speeds: [lltropical storm == 34k/39mph




e At Landfall — Rainfall is

,
VA

Hurricane Impacts =

Rainfall and Eresh Water Flooding

—

_ilsabel (2003)
(RS | Vol Pven &

often Uniformly
Distributed Around the - &
Storm, Especially a well
Developed Hurricane %
Post-Landfall — Rainfall
Pattern often shifts to
the LEFT of the Storm
Track, as dry air Entrains
South/East of the center.
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Hurricane Impacts

Rainfall and Fresh Water. Flooding

Hurricane Floyd (1999) Rainfall Pattern vs. Storm Track
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Hurricane Impacts

Rainfall and Eresh Water Flooding

TS Gaston (2004)
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Hurricane Impacts =

Jornadoes

some tropical | EERNEIEN
systems (Bertha, e i oot e P
1996, and Gaston,

Frances, and lvan In
2004) are prolific

tornado producers,
other (Fran, 1996
and Isabel, 2003)
produce few or

none.

HURRICANE "LISA"



urricane Impacts Z.

Jornadoes

All Tropical

Hurricanes
Cyclones

Tropical

o Depression

Storm

Figure 4. Cartesian plot of U.S. TC tornado reports (red dots) from: a) all TCs 1995-2009; b) hurricanes; c) tropical
storms; and d) tropical depressions and post-classification categories “N” as defined in the text. Range rings at 200- .
km intervals, radials at 30° intervals. Origin represents interpolated center position of TC or remnant low. From: Edwards (2011)
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Q4 Hurricane Resources .

e National Hurricane Center
— http://hurricanes.gov

* NWS Wakefield Briefing Web Page
— http://www.erh.noaa.gov/akg/empage.php
 NWS Wakefield Storm Specific Page
— http://www.erh.noaa.gov/akg/brief/Stormname.php

* Probabilistic Storm Surge/Surge Inundation
Graphics
— http://www.nws.noaa.gov/mdl/psurge2.0/



The End!!

Are There Any Additional
Questions?

E & william.sammler@noaa.gov



